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Abstract
We study some claims in Krauss’ recent book, A Universe from Nothing: Why
there is something rather than nothing, that are employed to show that a universe can
come from “nothing”. In this brief paper, we show that many of the claims are not
supported in full by modern general relativity theory or quantum field theory in curved
spacetime.
The purpose of this paper is to look at in detail some of the arguments put forward
in Lawrence Krauss’ book, A Universe from Nothing: Why There is Something Rather
Than Nothing. Krauss puts forward arguments that are claimed to be based on general
relativity and quantum field theory to show to a universe can spontaneously appear from
“nothing”. Indeed, Krauss’ main claim is that “in quantum gravity, universes can, and
indeed always will, spontaneously appear from nothing”[1], which he bases on the Wheeler-
DeWitt (WDW) version of quantum gravity. In fact, Krauss explicitly cites two formalisms
built upon the WDW approach to quantum gravity, the Hartle-Hawking no boundary
proposal [2], and Vilenkin’s tunnelling idea [3], both of which, as we describe in this paper
have serious issues, and certainly cannot be considered as leading to universes from nothing.
It should be noted that a universe being formed from nothing is not a new concept.
Tryon [4] was the first to suggest that the universe may have arisen from nothing, Vilenkin
[3] [5] [6] [7] has done considerable work in trying to demonstrate that the universes can
come from “nothing”. Zeldovich and Starobinskii [8] described a quantum creation scenario
of a universe with non-trivial topology. Most recently, He, Gao and Cai [9] suggested yet
another proposal for the spontaneous creation of a universe from nothing based on the
WDW formalism. Lapiedra and Morales-Lladosa [10] suggested a newer proposal in which
a closed de Sitter universe could be created from nothing.
The issue with all of these works is that on one hand, the authors claim that these
proposals are universes from nothing, while on the other hand assume at a minimum all
of the complex machinery of variational principles, differential and pseudo-Riemannian
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geometry, topology, quantum field theory, and general relativity, while never addressing
the deeper issue of where the latter come from. The other issue is that if all of this
machinery is supposed to create universes from “nothing”, which is clearly not nothing
in any sense of the word, then why do the authors go to such lengths to describe this
machinery as nothing? We believe that this is at the core of these issues. Is it due to
some type of philosophical bias? A much deeper discussion on the philosophy of cosmology
is needed to seriously address these issues. Ellis [11] has done some considerable work in
addressing some of these issues.
In this paper, we are particularly concerned with the claims made in Krauss’ book,
and will attempt to address them and show that the claims made in fact are widely not
supported by general relativity or quantum field theory in curved spacetime.
As mentioned in the introductory paragraph, Krauss’ main claim is that “in quantum
gravity, universes can, and indeed always will, spontaneously appear from nothing”, which
he bases on the Wheeler-DeWitt (WDW) version of quantum gravity. In fact, Krauss
explicitly cites two formalisms built upon the WDW approach to quantum gravity, the
Hartle-Hawking no boundary proposal [2], and Vilenkin’s tunnelling idea [3].
Following [12] (and references therein), we note that in the WDW formalism, one
represents the quantum state of the universe as Ψ(hij) on superspace, where hij is a
spatial metric, which itself is subject to the Hamiltonian constraint. In the literature, the
Wheeler-DeWitt approach has only been applied to minisuperspaces. Superspace is the
space of all spatial metrics, and each point in superspace corresponds to a spatial metric
hab. DeWitt’s supermetric is defined as [13]
Gabij =
1
4
√
h
(
haihbj + hajhbi − 2habhij
)
. (1)
One obtains a minisuperspace model by working with universe models that have finite
degrees of freedom such as the FLRW or Bianchi models. With the aforementioned wave
functional, the Wheeler-DeWitt equation takes the form (in the case of minisuperspace
models)
HΨ[hij ] = 0, (2)
and to solve such an equation, one needs conditions on the spatial geometry usually given
in terms of boundary conditions on Ψ. One typically solves the Wheeler-DeWitt equation
using a path integral formulation. In the Hartle-Hawking no-boundary proposal [2] which
is also mentioned in Krauss’ book, we have
Ψ[hij ] =
∫
Dguv exp(−I[guv]), (3)
where Dguv is a measure on the space of 3-geometries, and I[guv] is the Euclidean action,
which has a S3 geometry as its boundary. This methodology leads to a “beginning of
time”, where a classical description then becomes valid.
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On the other hand, Vilenkin’s method [3] produced a variant of the Wheeler-DeWitt
equation for FLRW universes as
Ψ′′(a)− [a2 − a−21 a4]Ψ(a) = 0. (4)
This equation gives tunnelling probabilities for the wave function “from nothing” to a
closed universe of radius a1.
These methods are essentially the quantum gravity approaches Krauss refers to to show
that it is plausible that a universe can come from nothing, but the nothing that Krauss
refers to is in fact no space and no time. We do not agree that the Wheeler-DeWitt
approach entails a universe coming from no space for the reason that the entire DeWitt
formalism relies on an underlying superspace, which as we mentioned above, is the space
of all spatial metrics, hij . Since both approaches above are Wheeler-DeWitt equations,
they also exist on some space, namely, this superspace/minisuperspace. In particular, for
such a proposal to be considered as a valid physics-based proposal, it has to be at least
in principle, testable. Namely, one would have to show that preceding the big bang, or
the creation of our universe, that there really was such a superspace in existence. It is
not clear how at the present time that we could even begin to consider how this could be
accomplished.
Notwithstanding the previous point, there are significant problems with both approaches,
many types of divergences occur, namely that the path integral itself is ultraviolet diver-
gent, and in fact, cannot be renormalized. In the Hartle-Hawking no-boundary proposal in
particular, conformal modes lead to the Einstein-Hilbert action not being bounded from be-
low, which in turn implies that the sum over all 4-geometries leads to a sum over topologies
that cannot be computed [14].
In Vilenkin’s approach, there is also a problem of time. There are some approaches
that try to treat a in the Vilenkin equation as an effective time variable, but, as Barbour
[15] has pointed out, it is very difficult to make this work from a practical sense. One
essentially has from these approaches that ˙|Ψ(t)〉 = 0, which implies a static solution, and
the concept of a time-evolving universe is thus difficult to see. Another important point is
how exactly one interprets the concept of a “wavefunction” and probabilities when there
is only one object. Can one even give any meaningful definition of the wavefunction of a
universe in these contexts?
In Krauss’ book, the concept of superspace is not mentioned a single time, even though
this is the entire geometric structure for which the proposal he is putting forward of a
universe coming from nothing is based upon. There is also a deep philosophical issue
that cannot be ignored. Superspace is the space of all possible 3-geometries, and the
question is, what types of universes should be considered as part of a particular superspace.
For example, one can consider the Bianchi cosmologies which are spatially homogeneous
and anisotropic cosmological models, which have three degrees of freedom in the mini-
superspace sense, of which the FLRW cosmologies are special cases. The existence of this
structure is not predicted by the WDW formalism, it is assumed to exist, which itself goes
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back to the theme of this paper. How can one claim that something arises from nothing,
when this nothing is at minimum, minisuperspace?
Much of the motivation of universes spontaneously being emitted from nothing seems
to be the phenomenon that Krauss describes as particles being spontaneously emitted
from a vacuum state. This in itself is quite problematic, as it is based on the naive
particle interpretation of quantum field theory. It is well understood that in the context
of cosmological models and more general spacetimes, one simply does not have a time-
translation symmetry because of a lack of timelike Killing vector field. Therefore, the
very definition of particles is undefined for general curved spacetimes, and only defined
in the context of general relativity for asymptotically flat spacetimes [16]. The reason
is that for the particle interpretation to work, one needs to be able to decompose the
quantum field into positive and negative frequency parts, which in itself depends heavily
on the presence of a such a time translation symmetry in either an asymptotically flat
spacetime or a Minkowski spacetime. The problem of course is that, our universe, or any
spatially homogeneous and non-static universe, that is, one that does not contain a global
timelike Killing vector field is necessarily not asymptotically flat. This can be seen from
the arguments given in [17]. Namely, consider a spacetime (Mˆ, gˆab). Let this spacetime
have the following three properties:
• There exists a function ω ≥ 0 ∈ C3, such that gab = ω2gˆab,
• on the boundary ω = 0, and ω,a 6= 0,
• Every null geodesic intersects the boundary in two points.
These spacetimes are called asymptotically simple. However, if we now associate the metric
tensor, gab with the Einstein field equations, the existence of these three conditions implies
that the spacetime is asymptotically flat. It is only under these three conditions, for
which one can in a meaningful way talk about “particles”. The idea of these particles
being spontaneously emitted from a vacuum is also not correct for the following reason.
Following [16], we will consider a two-level quantum mechanical system which is coupled
to a Klein-Gordon field, φ in a Minkowski spacetime, for simplicity. The combined system
will have a total Hamiltonian of the form
H = Hφ +Hq +Hint, (5)
where Hφ is the Hamiltonian of the free Klein-Gordon field. We will consider the quantum
mechanical system to be an unperturbed two-level system with energy eigenstates |xo〉 and
|x1〉, with energies 0 and ǫ respectively, so we can define
Hq = ǫAˆ†Aˆ, (6)
where we define
Aˆ|x0〉 = 0, Aˆ|x1〉 = |x0〉. (7)
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The interaction Hamiltonian is defined as
Hint = e(t)
∫
ψˆ(x)
(
F (x)Aˆ+ o
)
d3x, (8)
where F (x) is a spatial function that is continuously differentiable on R3 and o denotes the
Hermitian conjugate. One then calculates to lowest order in e, the transitions of a two-level
system. In the interaction picture, denoting Aˆs as the Schrodinger picture operator, one
obtains
AˆI(t) = exp(−iǫt)Aˆs. (9)
Therefore, we have that
(Hint)I =
∫ (
e(t) exp(−iǫt)F (x)ψI (t,x)Aˆs + o
)
d3x. (10)
Using Fock space index notion, we can then consider for some Ψ ∈ H, where H is the
associated Hilbert space, and note that the field is in the state
|nΨ〉 = (0, . . . , 0,Ψa1 . . .Ψan , 0, . . .) . (11)
The initial state of the full system is then given by
|Ψi〉 = |x〉|nΨ〉. (12)
One then obtains the final state of the system as being
|Ψf 〉 = |nΨ〉|x〉 +
√
n+ 1‖λ‖(Aˆ|x〉)|(n + 1)′〉 − √n(λ,Ψ)(Aˆ†|x〉)|(n − 1)Ψ〉, (13)
where |(n + 1)′〉 is defined as in Eq. (3.3.18) in [16], and λ is defined as in Eq. (3.3.15) in
[16].
The key point is that if |x〉 = |x0〉, that is, the system is in its ground state, Eq. (13)
shows explicitly that this two-level system can make a transition to an excited state, and
vice-versa. Note that the probability of making a downward transition is proportional to
(n+1), and even when n = 0, this probability is non-zero. This in the particle interpretation
is interpreted as saying that the quantum mechanical system can spontaneously emit a
particle. However, the above calculation in deriving Eq. (13) explicitly shows that it is the
interaction of the quantum mechanical system with the quantum field that is responsible
for the so-called spontaneous particle emission. This misleading picture of the vacuum
state is precisely promoted by the particle interpretation of quantum field theory. As the
work above shows, this is not spontaneous particle emission from “nothing” in any sense
of the word. One must have both a well-defined quantum mechanical system interacting
with a well-defined vacuum state for such spontaneous emission to occur, we emphasize
that these are not nothing!
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Finally, Krauss makes the very problematic claim that “the structures we can see, like
stars and galaxies, were all created by quantum fluctuations from nothing” [1]. The issue
that is not being addressed here is the fundamental transition problem of going from a
pure quantum state to a classical state. The reason for this is first and foremost due to the
problem of quantization, which in its general form, is seldom addressed in even advanced
physics textbooks on quantum mechanics. Following [18], let us denote the classical phase
space as Q = Rn. Then a full quantization of Q is a map taking classical observables
f : (q, p) ∈ T ∗Rn → fˆ ∈ H, where fˆ denotes self-adjoint operators on the Hilbert space H,
such that:
1. ˆ(f + g) = fˆ + gˆ,
2. ˆ(λf) = λfˆ , λ ∈ R,
3. ˆ{f, g} = (1/i)[fˆ , gˆ],
4. 1ˆ = Iˆ, (1 is the constant function, while Iˆ denotes the identity),
5. qˆi, pˆj act irreducibly on H.
Note that the point of the last requirement is to really allow one to take H = L2(Rn), so
that pˆj = (1/i)∂/∂qj , which defines the Schrodinger representation. One also must include
the following modified condition to allow for spin in which the position and momentum
operators are represented by a direct sum of finitely many copies of the Schrodinger rep-
resentation, such that
qˆiφ(x) = qiφ(x), pˆjφ(x) = −i∂φ(x)
∂xj
. (14)
Groenwold [19] and van Hove [20] explicitly showed that no quantization simultaneously
satisfying all of these properties is possible. In fact, as described in detail one can only
simultaneously satisfy (1)-(4) above, but not (5) or its modification, which in itself only
works in pre-quantization. This goes to the broader point made by Groenwold [19], that
the quantization rule due to Dirac
{A,B} → 1
i~
[
Aˆ, Bˆ
]
, (15)
is not true in general. In fact, let [qˆ, pˆ] = i~, then from
{
q3, p3
}
+
1
12
{{
p2, q3
}
,
{
q2, p3
}}
= 0, (16)
we should obtain that
1
ih
[
qˆ3, pˆ3
]
+
1
12i~
[
1
i~
[
pˆ2, qˆ3
]
,
1
i~
[
qˆ2, pˆ3
]]
= 0, (17)
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but in fact, as Groenwold showed the latter equation evaluates to −3~2!
Therefore, the point that Krauss makes that all classical structures arise from quantum
fluctuations is not true in general, as it is not even possible to fully quantize all possible
classical systems. Further, with respect to the transition problem, one needs much more
additional structure than the Hilbert space of quantum mechanics to get back to classical
mechanics. This is easily seen from the fact that the spaces L2(Rn) for different values
of n are isomorphic. One would need to introduce a distinguished class of operators, or
a well-defined set of commuting operators to obtain the classical system. This goes back
to the philosophical problem of what one means by nothing. Indeed, for Krauss’ claim to
hold true, this entire quantization structure including these sets of operators must also be
somehow defined, which, as we point out again, Krauss has no plausible explanation of the
origins of these necessary structures.
Further, following [21], it is important to note that in the real universe, the future
evolution is not uniquely predicted by the past, precisely because of inflationary perturba-
tions! The inhomogeneities that occurred on the last scattering surface were the result of
quantum fluctuations during inflation. They were not determined uniquely by the state of
the universe at the start of inflation because of the inherent quantum uncertainties. As is
also pointed out in [21], suppose we knew every detail of the state of the Earth and the
life on it two billion years ago, this would not uniquely predict that humans would exist
today, because the random quantum events leading to cosmic ray emission can change the
genetic traits of animals, thus influencing biological evolution.
Quantum fluctuations are also not fully responsible for allowing emergence to occur,
and there must be genuine emergence, namely, the emergence of complexity that that
occurs in order for the macroscopic levels or order that we see in the universe. For this
to occur, there must be a precise interplay between not only bottom-up causation, but
top-down causation as well. The interested reader is encouraged to see [22] for further
details on this very important point.
Although what is presented above is our main rebuttal to the arguments that Krauss
presents, in what follows we briefly touch on some other points in Krauss’ book that are
also not correct.
Krauss claims that “Considering the geometry of the universe is like imagining a pencil
balancing vertically on its point on a table. The slightest imbalance one way or the other
and it will quickly topple. So it is for a flat universe. The slightest departure from flatness
quickly grows. Thus, how could the universe be so close to being flat today if it were not
exactly flat.” The entire basis of this claim is that the universe was always isotropic and
therefore, spatially homogeneous. Therefore, the implication is that even in the asymptotic
past, the universe was of FLRW-type. In this case, we can see the validity of Krauss’ claim
by considering the following. Let the metric tensor of the FLRW be defined as in [23]:
ds2 = −dt2 + l2(t) (dr2 + f2(r)(dθ2 + sin2 θdφ2)) , (18)
where l is the typical length-scale function, and f(r) = sin r, r, sinh r depending on whether
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the FLRW model being considered is closed, flat, or open, i.e,. k = +1, 0, or −1. Let us
define
l = l0e
τ , (19)
where τ is a dimensionless time variable, and further define the quantity
dt
dτ
=
1
H
, (20)
where H is the Hubble parameter, which leads to
dH
dτ
= −(1 + q)H, (21)
where
q =
1
2
(3γ − 2)Ω. (22)
The standard Bianchi identities then imply that
dΩ
dτ
= −(3γ − 2)(1 − Ω)Ω. (23)
This equation describes the evolution of all single-fluid FLRW models with linear equation
of state. The fixed points of this equation are given by Ω = 0 and Ω = 1, with the latter
corresponding to the flat FLRW universe. As shown in [23], upon analyzing the phase
space defined by Ω ≥ 0, the point Ω = 1 is source of the system if γ > 23 and a sink of the
system if γ < 23 . Indeed, Ω = 1 is a saddle if and only if γ = 2/3. Therefore, as one can
see, Krauss’ claim only holds true for when the equation of state parameter γ is such that
γ ≥ 23 .
However, it has been suggested that the early universe being hot, and dense, may have
contained anisotropic matter usually modelled by shear viscosity in the energy-momentum
tensor [13]. In addition, primordial magnetic fields have also been suggested to exist in
the early universe [24] [25], [26]. In this case, the presence of magnetic fields introduces a
shear component in the energy-momentum tensor as well, so the FLRW models would not
be relevant at this time in the universe’s evolution. One must therefore, at a minimum,
consider anisotropic cosmologies. One can in principle, still maintain the assumption of
spatial homogeneity, thus working with the Bianchi cosmological models. Indeed, much
work has been done in this area [27], [28], [29], [30], [31], [32]. In the latter papers, it
is shown that a flat FLRW universe is a local sink of the Einstein field equations, and
further analysis of the global behaviour of the orbits show that under certain reasonable
conditions, a flat FLRW universe is a global stable asymptotic state of the system. In this
case, deviations from the flat FLRW point will not change the trajectory of the system.
This can only occur if there are bifurcations in the parameter space, which is an entirely
different matter than Krauss is claiming. Indeed, the dynamics of the Bianchi models can
be obtained in an intuitive way by considering the orthonormal frame formalism [33], and
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then employing expansion-normalized variables approach [34] to obtain the following form
of the Einstein field equations:
Σ′ij = −(2− q)Σij + 2ǫkm(i Σj)kRm − Sij +Πij
N ′ij = qNij + 2Σ
k
(iNj)k + 2ǫ
km
(i Nj)kRm
A′i = qAi − ΣjiAj + ǫkmi AkRm
Ω′ = (2q − 1)Ω− 3P − 1
3
ΣjiΠ
i
j +
2
3
AiQ
i
Q′i = 2(q − 1)Qi − ΣjiQj − ǫkmi RkQm + 3AjΠij + ǫkmi N jkΠjm. (24)
These equations are subject to the constraints
N ji Aj = 0
Ω = 1− Σ2 −K
Qi = 3Σ
k
iAk − ǫkmi ΣjkNjm. (25)
In Eqs. (24) and (25) we have made use of the following notation:
(
Σij, R
i, N ij , Ai
)
=
1
H
(
σij ,Ω
i, nij , ai
)
, (Ω, P,Qi,Πij) =
1
3H2
(µ, p, qi, πij) . (26)
In the expansion-normalized approach, Σab denotes the kinematic shear tensor, and de-
scribes the anisotropy in the Hubble flow, Ai and N
ij describe the spatial curvature, while
Ωi describes the relative orientation of the shear and spatial curvature eigenframes. In ad-
dition, µ and p denote the total energy density and total effective pressure, and are found
by evaluating
µ = uaubTab, p =
1
3
habTab, (27)
where, hab = uaub + gab denotes the projection tensor, and u
a, the fluid four-velocity [35].
It can then be shown by generalizing the equations Eqs. (24) to different Bianchi types
that a flat FLRW universe given by
(Σ+,Σ−, Ni, Ai) = (0, 0, 0, 0) (28)
is a local sink of this dynamical system under certain conditions of the equation of state
parameter (and possibly other phenomenological parameters). In addition, for certain
Bianchi types, one can prove that the FLRW flat universe point is globally stable. For
further details, the interested reader should consult Chapters 6 and 7 of [23].
Further, Krauss also claims on several occasions that the total energy of a closed uni-
verse is zero. The issues with this claim are as follows.
As stated on page 457 in [36], “for a closed universe the total mass-energy and angular
momentum are undefined and undefinable”. In addition, following [37], we note that the
9
total mass-energy of a system in general relativity cannot be generally defined. There are
however, a few tools one can employ to measure the total mass-energy of a system in the
case of asymptotically flat spacetimes. The first is the ADM mass, defined by:
MADM =
1
16π
∫
∂Σ∞
√
γγjnγim (γmn,j − γjn,m) dSi, (29)
which requires the space-time to be asymptotically flat. Another tool is the Komar mass,
MK =
1
4π
∫
Σ
d3x
√
γnaJ
a
(t), (30)
which also requires the spacetime to have an asymptotically flat region. The problem of of
course is that, our universe, or any spatially homogeneous and non-static, that is, one that
does not contain a global timelike Killing vector is necessarily not asymptotically flat.
In conclusion, we point out that based on the arguments presented in this paper,
the main claims in Krauss’ book are not supported by General Relativity, Relativistic
Cosmology, or Quantum Field Theory in curved spacetime. Namely, Krauss’ “nothing” on
some occasions is the quantum vacuum, and on other occasions, it is the minisuperspace
of the WDW formalism. In either case, Krauss does not bother to address the underlying
laws of physics/mathematics that govern these principles, nor does he bother to point out
that none of his claims are testable, which is absolutely key for a theory to be considered
scientific. For these reasons, we strongly believe that Krauss’ book is largely motivated
by a particular set of philosophical ideologies of which principles from science are being
extrapolated at best to support these arguments, which by the end of the day, the reader
hopefully will realize are filled with all sorts of gaping holes and incorrect notions.
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